Background: Encapsulating-peritoneal-sclerosis (EPS) is a rare, but serious and life-threatening complication of peritoneal dialysis (PD). Treatment of EPS consists of discontinuation of PD and maintenance of nutritional status, whereas the role of corticosteroids, tamoxifen and other immunosuppresive agents is not yet fully elucidated. Case-presentation: We report the case of a 28-year-old patient, who developed a severe form of calcifying EPS after a 6-year-long therapy with automated PD. The clinical presentation was severe with repeated episodes of total bowel obstruction, weight loss and malnutrition that mandated his prolonged hospitalization. Initial treatment included corticosteroids and tamoxifen (20 mg/day) with a clinically meaningful improvement in gastrointestinal function and nutritional status over the first 6-12 months. Corticosteroids were discontinued at 18 months, but owing to persistence of calcifying lesions and peritoneal thickening in repeated computed-tomography (CT) scans, tamoxifen remained unmodified at a low-dose of 20 mg/day for a 10-year-long period. During follow-up, the patient remained symptoms-free in an excellent clinical condition and the CT findings were unchanged. Conclusions: Long-term administration of tamoxifen was not accompanied by any drug-related adverse effects and potentially exerted a beneficial action on down-regulation of inflammatory and fibrotic processes and improvement of gastrointestinal function, nutritional status and overall health-related quality of life.
Background
Encapsulating-peritoneal-sclerosis (EPS) is a rare, but devastating complication of peritoneal dialysis (PD) [1] . In registry studies its incidence is ranging from 0.9 to 3.5% [2] [3] [4] , depending mainly on the duration of PD therapy of participants. Although the pathogenesis of EPS is not yet fully elucidated, several lines of evidence suggest that EPS reflects a progressive inflammatory and fibrotic process that results in excessive peritoneal thickening and encapsulation of the intestine [1, 5] . The spectrum of clinical manifestations is wide and often non-typical, a fact that raises particular difficulties in early detection of this serious complication. In severe cases, EPS is accompanied by a huge morbid burden, including total bowel obstruction, weight loss, malnutrition, infection and death [1] . The mortality hazard attributable to this complication is reported to be as high as 50% [3, 4, 6] , particularly within the first year of diagnosis.
The prevention of EPS is an area surrounded by substantial controversy that is reflected by the absence of a clear consensus on the optimal length of time that a patient should remain on PD in order to avoid the occurrence of this complication [7] . The lack of welldefined prognostic criteria limits the opportunity to detect patients being at high-risk for developing EPS; thus, the diagnosis is often late, when the patients develop ultrafiltration failure and gastro-intestinal complications [1, 7] . The current standard-of-care in the management of EPS is relied on discontinuation of PD, transition to hemodialysis and nutritional support of patients [1, 7] . The potential benefit of corticosteroids, tamoxifen or other immunosuppressive agents that have been used over the years in pharmacological treatment of EPS remains unclear in the absence of clinical-trial evidence to prove their efficacy and safety [8] [9] [10] . EPS is sometimes treated with surgical enterolysis [11, 12] ; however, this surgical procedure is complex and is rarely performed in the absence of definite supportive data and due to the limited clinical experience [1] .
Herein, we report the clinical course of a 28-year-old patient who developed a severe form of calcifying EPS that was successfully managed with prolonged administration of tamoxifen. Over a 10-year-long follow-up, the patient experienced minimal gastrointestinal complications and maintained an optimal health-related quality of life without manifesting any tamoxifen-inducible adverse events.
Case presentation
A 28-year-old Caucasian male with end-stage-renal-disease due to juvenile nephronophthisis developed a severe form of calcifying EPS approximately 10 years ago. His medical history included the presence of hypertension and mitral valve prolapsing without significant regurgitation. The patient was started on continuous ambulatory PD therapy at the age of 13 years and his initial PD regimen included 4 dwells of dialysate glucose solutions 1.36% with fill volume 2 L. Since the peritoneal equilibrium tests showed persistently a high transport status (dialysate-to-peritoneal creatinine ratio: 0.78), 2 years later the patient was switched to continuous cyclic PD with 4 night-time dwells of dialysate glucose solutions 1.36% (duration: 8 h; cycles: 4; fill volume: 2 L) and a daytime dwell with icodextrin (fill volume: 1.5 L). The patient followed a typical clinical course characterized by adequately delivered dialysis and sufficient peritoneal ultrafiltration of~1.5 L/day with a progressive intensification of his PD regimen (continuous cyclic PD with 4 nighttime dwells of dialysate glucose solutions 2.36% and a daytime dwell with icodextrin) till the age of 19 years. Over this period, the patient had secondary hyperparathyroidism and received therapy with calcium-containing phosphate binders and active vitamin D analogs because the patient could not tolerate oral administration of cinacalcet due to gastro-intestinal side effects. The only PD-related complications were 3 episodes of peritonitis due to Staph. Epidermidis successfully treated with intraperitoneal antibiotics.
After 6 years on automated PD, the patient developed a progressive reduction in peritoneal ultrafiltration that necessitated the intensification of the PD regimen. In parallel, the patient reported symptoms of atypical abdominal pain, anorexia, vomiting and constipation, raising the clinical suspicion of EPS. A computed-tomography (CT) scan in November 2009 showed a calcified fibrous cocoon wrapped around the bowel, extensive peritoneal thickening and intra-abdominal adhesions of calcified intestinal loops ( Fig. 1a ), confirming the diagnosis of calcifying EPS. The initial therapeutic approach included the removal of the peritoneal catheter, transfer of the patient to hemodialysis and administration of corticosteroids (prednisone at a dose of 40 mg/day) in combination with tamoxifen 20 mg/day. The clinical course of the patient over the subsequent 3 months was dramatic due to severe symptoms of total bowel obstruction (ileus stage), malnutrition and rapid weight loss of 20 kg that mandated the prolonged in-hospital treatment and nutritional support with parenteral supplements (1 lt Oliclinomel N4/24-h during the first month and 1lt Oliclinomel N4 3 times per week during dialysis thereafter till the patient was given discharge from the hospital).
Despite the severe initial clinical presentation, the patient followed a satisfactory clinical course over the next 6 months with remission of gastrointestinal complications and progressive improvement in his nutritional status ( Table 1) . Despite the clinical improvement, repeated CT scans showed the persistence of peritoneal thickening and intra-abdominal calcifications with modest improvement in radiological picture over time (Figs. 1 and 2). In this context, prednisone was gradually tapered over 6 months to 10 mg/day and was permanently discontinued after 18 months of therapy. Tamoxifen remained unmodified and was administered at a low-dose of 20 mg/day over a 10year-long period. Long-term therapy with tamoxifen was well-tolerated and was not accompanied by any thromboembolic complications or other drug-related adverse effects. During follow-up, the patient experienced minimal gastrointestinal complications, maintained a stable nutritional status and required only 7 short-term hospitalizations due to episodes of incomplete bowel obstruction. All these episodes were mild and were successfully managed with conservative treatment (i.e., gastro-intestinal rest, antibiotics, etch). Immediate surgical treatment, corticosteroids or parenteric nutritional support was never required during follow-up. As shown in Table 1 , the management of secondary hyperparathyroidism over this period was based on low-to-moderate doses of intravenously administered paricalcitol as well as on optimal oral treatment with phosphate-binders.
Discussion and conclusions
This report highlights a severe case of calcifying EPS in a PD patient who was successfully managed with conservative treatment and prolonged administration of tamoxifen. Despite the fact that the mortality rate of severe EPS is reported to be~25% within the first year of diagnosis [13, 14] , the patient in our case-report followed a 10-year-long course with a clinically meaningful improvement in gastrointestinal complications, nutritional status and in the overall health-related quality of life. Although the observational nature of our data cannot demonstrate direct cause-and-effect associations, our case-report provides evidence that support the safety and efficacy of long-term therapy with low-dose tamoxifen in patients with severe calcifying EPS.
Tamoxifen is a non-steroidal anti-estrogen that has been used in the treatment of several fibrotic diseases, such as retro-peritoneal fibrosis and EPS [1] . Although the exact mechanism of action is not yet fully clear, experimental studies suggest that the anti-fibrotic properties of tamoxifen are mediated through estrogen receptor (ER)-independent pathways [15] . In this direction, in-vitro studies using human peritoneal mesothelial cells have shown that tamoxifen down-regulates the gene expression of connective-tissue-growth-factor and inhibits the collagen synthesis mediated through the transforming-growth-factor-β (TGF-β) pathway [16, 17] . In animal models of PD, administration of tamoxifen is shown to ameliorate the progression of peritoneal thickening and improve peritoneal membrane function through inhibition of the process of mesothelial-tomesenchymal transition [18] .
The first clinical report on successful use of tamoxifen in the treatment of PD-related EPS was published by Allaria et al. in 1999 [19] . Since then, the potential benefit of this agent is supported by a number of case-reports or case-series showing reduced inflammation and improvement in intestinal function in response to tamoxifen therapy [6, 9, [20] [21] [22] [23] . In the Dutch multi-centre EPS study [22] , the survival status of 24 tamoxifen-treated patients with EPS was retrospectively compared with that of 39 controls with EPS who did not receive tamoxifen therapy. In Cox-regression analysis adjusted for age, gender, concomitant use of corticosteroids and other confounding factors, the use of tamoxifen was associated with a marginally non-significant survival benefit (Hazard Ratio: 0.39, P = 0.056) [22] . In a subsequent series of 14 EPS-prone patients, identified on the basis of presence of at least 2 documented risk factors for developing EPS, it was shown that over a median follow-up of 54.05 months, administration of tamoxifen alone or in combination with corticosteroids was associated with lower risk of progression to clinically overt EPS [20] .
The present case-report confirms and expands the findings of the above case-series providing rationale for the safe and effective long-term use of low-dose tamoxifen in severe cases of EPS. Although the accumulated clinical experience until now is suggestive of a benefit with an initial course of tamoxifen therapy for 6-12 months, the optimal duration of therapy and the clinical or radiological criteria to guide the pharmacological treatment of EPS remain unspecified. In the patient of our case-report, introduction of tamoxifen in combination with corticosteroids was associated with improvement in gastrointestinal complications and nutritional status over the first 6-12 months, whereas the radiological lesions of calcifying EPS persisted in repeated abdominal CT scans during follow-up. Taking into consideration the clinical response as well as the severity of radiological picture, we maintained low-dose tamoxifen therapy for a long period. The development and persistence of calcifying peritoneal lesions is possibly related to the severe secondary hyperparathyroidism of the patient and his background therapy with calciumcontaining phosphate binders and active vitamin D analogs ( Table 1 ). The rationale for the prolonged administration of tamoxifen was that this agent would mediate long-term anti-fibrotic and/or anti-inflammatory actions, without expecting regression of severe calcifying lesions in response to tamoxifen therapy. In our opinion, corticosteroids was the component of therapy that possibly down-regulated the inflammatory process during the initial phase (i.e., when the patient was at an ileus stage), whereas administration of tamoxifen was presumably more important in maintaining long-term remission through anti-fibrotic/anti-proliferative actions. It has to be noted, however, that long-term administration of tamoxifen requires careful monitoring of patients for the identification of drug-related adverse effects. Tamoxifen use has been associated with higher risk of thromboembolic events, flushes, endometrial carcinoma, thrombopenia and calciphylaxis [1, 24] . Whether the clinical course of our patient would be similarly successful without exerting the patient to potential risks arising from the long-term tamoxifen use remains a question that can not be addressed by our case report. The efficacy and safety profile of this agent warrants further investigation in larger case-series or in randomized controlled trials. In conclusion, this case-report provides some evidence that support the long-term safety and efficacy of lowdose tamoxifen in severe cases of calcifying EPS. Since the rarity of EPS is a barrier against the design of a randomized controlled trial, evidence derived from casereports and case-series remain an important step in order to quantify the benefit/risk ratio of tamoxifen and other therapies. Individualization on the basis of the disease severity, response to therapy and occurrence of adverse events is, perhaps, the optimal therapeutic approach of this rare, but life-threatening PD-related complication.
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